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(57) Abstract 

Device and method are presented for conveying a substantially flat article from a first support surface onto a second support surface, 
wherein the first support surface transports the article in a conveying direction. The device comprises a support assembly and a drive means 
for driving a reciprocating movement of the support assembly in a predetermined direction. The support assembly is associated with the 
second support surface and is adapted for supporting a leading portion of the article. The support assembly supportingly engages the leading 
portion of the article ensuing from the first support surface, when the article reaches a first predetermined position, and disengages support 
of the leading portion of the article, when the article reaches a second predetermined position, relative to the second support surface. 
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Conveying Method and Device for Loading/Unloading Articles 



FIELD OF THE INVENTION 

This invention is in the field of conveying techniques and relates to a 
device for loading/unloading articles to and from a working station. 

BACKGROUND OF THE INVENTION 

Continuous mass production of various workpieces requires the 
development of conveying systems capable of transporting a stream of 
workpieces from a supply stack to a return stack through one or more 
working stations for processing operations, for example cutting, recording, 
inspecting, or the like. The supply and return stacks are typically located on 
self-leveling tables, each including an automatic lifting mechanism for 
continuously lifting the stack from the bottom to maintain the topmost 
article at a predetermined vertical position. 
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(b) a drive means for driving a reciprocating movement of the 
support assembly in a predetermined direction, so as to 
supportingly engage the leading portion of the article, when the 
article reaches a first predetermined position, and disengage 
support of said leading portion of the article, when the article 
reaches a second predetermined position, relative to said second 
support surface. 

The main idea of the present invention is based on the following. The 
article moves in the conveying direction being progressively supported by 
the first support surface. The support assembly is associated with the second 
support surface, being either coupled or accommodated proximate thereto, 
and is driven for sliding movement along an axis parallel to the conveying 
direction between the two opposite sides of the second support surface. 

The support assembly comprises a support frame having a portion 
which extends substantially transversely to the conveying direction. 

According to one embodiment of the invention, the support assembly 
comprises a gripper device mounted on the above portion of the frame. The 
gripper device is formed by at least one pair of elongated clamping jaws 
driven for pivotal movement between their closed position for supportingly 
engaging the article within its leading portion and an opened position for 
disengaging support of the article. The support frame may be in the guiding 
means, for example a pair of guidance rails, for guiding the reciprocating 
movement of the support assembly. Preferably, the jaws are pivotal in a 
shears-like manner by a pair of symmetrically identical linkage assemblies, 
provided at opposite ends of the jaws. Each of the linkage assemblies 
comprises a pair of pivotally coupled connecting rods rotatably mounted on 
a shaft such that the revolution of the shaft causes the pivotal movement of 
the connecting rods. The jaws are pivotal between their closed and opened 
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(iii) disengaging support of the article, upon detecting that the 

article reaches a second predetermined position, relative to the 
second support surface. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In order to understand the invention and to see how it may be carried 
out in practice, a preferred embodiment will now be described, by way of 
non-limiting example only, with reference to the accompanying drawings, in 
which: 

Figs, la and lb are schematic perspective and top views of a 
production line utilizing a conveying device constructed according to one 
embodiment of the invention; 

Fig. 2 more specifically illustrates one example of a support 
assembly suitable for the conveying device of Figs, la and lb; 

Figs. 3a and 3b illustrate the support assembly of Fig. 2 in two 
different positions of clamping jaws; 

Figs. 4a and 4b more specifically illustrate a linkage means suitable 
for the pivotal movement of the clamping jaws between their different 
positions shown in Figs. 3a and 3b; 

Figs. 5a to 5c illustrate the main principles of operation of a piston 
device suitable for driving the movement of the clamping jaws; 

Figs. 6a to 6f are schematic illustration of the conveying device 
shown in Figs, la and lb, in its sequential operational stages; 

Fig. 7 is a schematic illustration of a conveying device constructed 
according to another embodiment of the present invention; and 

Fig. 8 is a schematic illustration of a support assembly designed 
according to another example of the present invention, suitable for the 
conveying devices of Figs, la- lb and of Fig. 7. . 
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are collected. Each PCB, when being inspected, is progressively supported 
partly on the conveyor belts B and partly on the rotatable drum 9. 

The construction and operation of the working station 2 do not form 
a part of the present invention and therefore need not be specifically 
described, except to note that the working station 2 typically comprises 
optical, sensing and processing means for scanning the article to locate 
defects. The supply conveyor 4 may also be of any suitable construction, for 
example, such as that disclosed in co-pending European Patent Application 
No. 97300521.8 assigned to the assignee of the present application. 

The unloader 8 is accommodated close to the conveyor 4 downstream 
thereof. The unloader 8 comprises a self-leveling collecting table 10 for 
maintaining the vertical position of its upper surface 10a. The construction 
and operation of the table 10 are known per se. It is understood that, in this 
specific "loaded" state of the table 10, its upper surface 10a is that defined 
by an upper surface of the topmost collected article. 

The essential feature of the present invention is the provision of a 
conveying device, generally designated 12, for discharging the inspected 
PCBs from the supply conveyor 4 (constituting a first support surface) onto 
the support surface 10a (constituting a second support surface). According 
to the present example, the conveying device 12 is associated with the 
support surface of the unloader 8. 

The conveying device 12 comprises a support assembly, generally 
designated 14 mounted on an upper portion 16a of a support frame 16. As 
shown, the portion 16a is positioned slightly above the surface 10a, 
extending transverse to the conveying direction D. According to the present 
example, the support assembly 14 represents a gripper device formed by 
three pairs of elongated, normally-closed, clamping jaws 18a-18b. It should 
be noted that, generally, the provision of at least one pair of such clamping 
jaws is sufficient, but, preferably, several pairs of jaws are used so as to be 
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pairs 18a-18b. The plates 19 are formed with substantially flat front 
surfaces 19a to engage an outer surface of the front edge of the article (not 
shown). The provision of the plates 19 is optional and is aimed solely at 
preventing the undesirable progression of the article A. The surfaces 19a 
serve as the article movement position stops, ensuring that the article is 
captured at its "margin" non-patterned region. 

The lower and upper jaws 18a and 18b are mounted on pins 24a and 
24b, respectively. In the present example, the jaws are designed like rubber 
rollers, at least one of them, and preferably the upper roller 18b, being 
rotatabiy mounted on the pin 24b, the purpose of which will be described 
further below. The pins 24a and 24b are driven for pivotal movement 
against and towards each other between their closed (Fig. 3a) and open (Fig. 
3b) positions in a shear-like manner. This is implemented in the following 
manner. 

Two symmetrically identical linkage assemblies, generally 
designated 26, support the opposite ends of the pins 24a and 24b. The 
linkage assembly 26 comprises a pair of connecting rods 28 and 30 pivotally 
coupled to each other via an axis 32. The angular-shaped connecting rod 28 
at its one end supports the end of the lower pin 24a, while the connecting 
rod 30 at its one end supports the end of the upper pin 24b. Free ends of the 
connecting rods 28 and 30 are attached to the portion 16a via a pair of 
springs 34 and 36, respectively. 

The connecting rods 28 are pivotally mounted on a common shaft 38 
extending along the portion 16a. The shaft 38 is rotatabiy supported by the 
plates 19 and is at its opposite ends rotatabiy mounted on the carrier 16a. 
The relationship between the location of the axis 32 and that of the shaft 38, 
as well as their relative locations relative to the vertex portion of the 
angular-shaped connecting rod 28, . are shown in the drawings in a 
self-explanatory manner. 
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opening of the jaw 18a is yet further increased by restricting the pivotal 
movement of the jaw 18b. These features are essential especially for 
releasing the article from the clamping jaws. 

Figs. 5a to 5c illustrate a piston device 46 that operates the revolution 
of the shaft 38. The piston device 46 may be of any known kind, for 
example Air Cylinder Double Acting G-7-X-PM-RC-19 commercially 
available from Fabco Air Co. USA. The piston device 46 is pivotally 
mounted on the frame 16 through a connecting rod 47. A reciprocating 
member 48 of the piston device 46 is coupled to the shaft 38 through a 
connecting rod 50 (or plurality of appropriately interconnected rods) having 
a substantially L-shaped portion 50a. The connecting rod 50 is affixed to the 
shaft 38 and pivotally connected to the reciprocating member 48. It is 
understood that the pivotal connection of the piston device 46 relative to the 
frame 16 provides a degree of freedom for the motion of the device 46 
within the plane of motion of the connecting rod 50. The advance of the 
member 48 into its projected position causes the revolution of the shaft 38. 
It is clear, although not specifically shown here that this results in the 
pivotal movement of the jaws 18a and 18b into their open position against 
the tension of the springs 34 and 36. When the member 48 is returned back 
into its retracted position, the springs 34 and 36 immediately assist the jaws 
18a and 18b to move towards each other for clamping the PCB A with a 
pressure defined by the tension of the springs 34 and 36. 

A suitable sensing means 53, such as Photo Interrupter TLP1201-C1 
commercially available from Toshiba, are provided for controlling the 
position of the portion 50a. The position of the portion 50a is indicative of 
the position of the clamping jaws 18a-18b. The sensing means 53 are 
coupled to a control unit, which is not specifically shown, for synchronizing 
the operation of the conveying device 12. The control unit does not form a 
part of the present invention and may be of any known kind. 
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guidance rails 20 away from the conveyor 4 ? i.e. towards the "right" position 
of the jaws' carrier 16a in the drawings. As clearly shown in Fig. 6d. the 
opposite edges of the PCB A are supported by the clamping jaws 18a-18b 
and by guiding rollers 5b-7b 5 respectively. The guiding rollers 5b-7b 
provide desired high tension of the progressing PCB, provided the speed of 
the sliding movement of the frame 16 is brought into conformity with that of 
the rotation of the conveyor belts. It is important to note that the provision 
of the guiding rollers 5b-7b assists the progression of a flexible article and 
prevents it, as well as an underneath article (topmost one in the collected 
stack) from being damaged. 

When the entire PCB A is positioned above the surface 10a, the 
sliding movement of the frame is halted and jaws 18a and 18b are again 
pivoted into their open position (not shown) for releasing the PCB A. 
Preferably, an additional sliding movement of the frame is provided during 
the opening of the jaws, so as to avoid a possible sticking of the PCB. 
Thereafter, the jaws are pivoted in to their closed position (Fig. 6e) and the 
frame 16 slides into its initial position. As shown in Fig. 6f> the gripper 14 is 
again in its ready-to-grip state for conveying a next PCB A* from a moving 
support surface defined by the conveyor 4 onto a further stationary support 
surface defined by the collecting table 10. 

It should be noted that, according to the above-described example, 
the support frame 16 is mounted on the collecting table 10. In other words, 
the entire conveying device 12 is the constructional part of the unloader 8. 

Alternatively, the conveying device may be a stand-alone unit 
accommodated so as to enclose a support surface between the sidewalls of 
the frame. Such a conveying device is schematically illustrated in Fig. 7, 
being generally designated 112. The same reference numbers are used for 
identifying those components, which are identical in the devices 12 and 112, 
in order to facilitate understanding. The conveying device 112 comprises a 
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218b are mounted in a pair of elongated recesses 220 made in the pair of 
sidewalls 216b. respectively, and are driven by a suitable drive means (not 
shown) for reciprocating movement along the axes of the recesses. 
Optionally, arresting members 219 are provided having substantially flat 
front surfaces 219a to engage the outer surface of the leading portion of the 
progressing article. 

It is understood that, the leading portion of the progressing article 
becomes supported on the support members 218a and 218b, whilst ensuing 
from the guiding rollers 5b-7b. In order to release the article and position it 
on the support surface 10a, the support members 218a and 218b are 
actuated for sliding movement in the conveying direction within the 
recesses 220. Alternatively, although not specifically shown, each of the 
support members 218a and 218b. may be mounted for suitable pivotal 
movement about the respective sidewall 216. 

It should be specifically noted, that the provision of any movement of 
the support members relative to the sidewalls of the support frame is 
optional. Indeed, as described above with respect to the conveying device 
12, the release of the article may be implemented by sequentially halting and 
reestablishing the sliding movement of the entire support assembly 214 in 
the conveying direction D, upon detecting that the article is not longer 
progressively supported by the first support surface and is completely 
positioned above the second support surface. 

It should also be noted that the support members 218a and 218b may 
be replaced by a single support member mounted on the sidewalls 216b by 
its opposite ends. Alternatively, one or more plate-like support members 
may be mounted on the upper portion 216a of the frame 216 so as to be 
oriented substantially parallel to the support surface 10a. 

Those skilled in the art will readily appreciate that various changes 
and modifications may be applied to the embodiments of the invention as 



BNSDOCID: <WO O005937A1 J_> 



WO 00/05937 



- 17- 



PCT/IL99/00370 



CLAIMS: 

1. A device for conveying a substantially flat article from a first 
support surface onto a second support surface, wherein the first support 
surface transports the article in a conveying direction, the device 
comprising: 

(a) a support assembly associated with the second support surface 
and adapted for supporting a leading portion of the article; 

(b) a drive means for driving a reciprocating movement of the 
support assembly in a predetermined direction, so as to 
supportingly engage the leading portion of the article, when the 
article reaches a first predetermined position, and disengage 
support of said leading portion of the article, when the article 
reaches a second predetermined position, relative to said second 
support surface. 

2. The device according to Claim 1, wherein the support 
assembly comprises a support frame having a portion extending 
substantially transversely to the conveying direction above the second 
support surface. 

3. The device according to Claim 2, wherein said portion of the 
support frame is formed with at least one support member for supportingly 
engaging a lower surface of said leading portion of the article. 

4. The device according to Claim 3, wherein said at least one 
support member is driven for movement relative to the support frame. 

5. The device according to Claim 2, and also comprising a 
gripping device mounted on said portion of the support frame. 

6. The device according to Claim 5, wherein said gripping 
device comprises at least one pair of elongated clamping jaws adapted for 
pivotal movement between their closed position for supportingly engaging 
the article within its leading portion and opened position for disengaging the 
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16. The device according to Claim 1, and also comprising a 
guiding assembly for supporting at least a portion of the article and guiding 
its sliding movement from the first support surface towards the second 
support surface. 

17. The device according to Claim 16, wherein said guiding 
assembly comprises at least one pair of parallel rollers spaced-apart from 
each other a distance substantially equal to a thickness of said article. 

18. The device according to Claim 16, wherein said first support 
surface is defined by a conveyor having at least one closed-loop belt 
supported by at least a pair of front and rear rollers, said guiding assembly 
being formed by said at least one rear roller of the conveyor and a 
corresponding one additional roller accommodated parallel to said rear 
roller and spaced-apart therefrom a distance substantially equal to a 
thickness of said article. 

19. The conveying device according to Claim 1, and also 
comprising a control unit associated with said drive means for operating 
said reciprocating movement of the support assembly. 

20. The conveying device according to Claim 6, and also 
comprising a control unit associated with said drive means and said actuator 
for operating said reciprocating and pivotal movements of the support 
assembly. 

21. The device according to Claim 19, wherein said control unit 
comprises a sensor means for detecting said first and second predetermined 
position of the article. 

22. The device according to Claim 1, wherein said drive means is 
a belt drive. 

23. The device according to Claim 6, wherein said actuator 
comprises a piston device. 
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FIG.4A 
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FIG.5B 
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